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We assess the ability of variants of anomalous
change detection (ACD) to identify human activity
associated with large outdoor music festivals as
they are seen from synthetic aperture radar (SAR)
imagery collected by the Sentinel-1 satellite con-
stellation. We found that, with appropriate feature
vectors, ACD using random-forest machine learn-
ing was most effective at identifying changes asso-
ciated with the human activity.

Background and Motivation

Anomalous Change Detection (ACD) provides a
means to separate common, uninteresting changes
from rare, significant changes in co-registered im-
ages collected at two points in time. The essential
idea is to approximate the distribution of changes
and look for particular changes that are rare with
respect to this distribution [1]. This method has
been applied with good effect to optical and hyper-
spectral imagery where changes in ambient light
level between collections lead to pervasive differ-
ences between the images.

Synthetic Aperture Radar (SAR) emits a signal
that penetrates clouds, and forms images based on
the reflected signal. As such, SAR does not suffer
from the same pervasive changes as optical and hy-
per-spectral imagery do. However, there can still
be widespread changes in a scene that are uninter-
esting, such as harvested crops in farmland. This
leads to the question we begin to explore: can ACD
be effective for SAR imagery? Our test case is de-
tecting human activity, in particular outdoor music
festivals, in large SAR images.

Description

The Burning Man Festival held in the Black Rock
Desert of Nevada is an instructive test case. SAR im-
agery of the site before and during the festival are
shown in Figure 1.

Figure 1 Before and during the Burning Man music festival.

If we consider just the per-pixel intensity of the
reflected signal, we observe a distribution of
changes and a compute an approximation of those
changes as shown in Figure 2, where the x-axis is
the intensity of a pixel in the first image, and the y-
axis is the intensity of the same pixel in the second
image.

Figure 2: The observed changes in intensity on the left, and
the approximated distribution of changes on the right.

The set of pixels transitioning from very dark to
bright near the y-axis in the left image of Figure 2
are uncommon with respect to the approximated
distribution of changes, and thus flagged as anom-
alous.

This simple approach was not sufficient for mu-
sic festivals that occurred in settings with more
complex ambient changes. Per-pixel intensity did
not provide sufficient information. In response, we
started building feature vectors based on infor-
mation in a neighborhood of a particular pixel. In
addition, we used a random forest to classify
anomalous vs. not anomalous. For not-anomalous
training data we used correlated data from the two
images. For anomalous training data, we used ran-
domly paired neighborhoods from the two images.
The response operator characteristic (ROC) curves
for Coachella are shown in Figure 3.
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Figure 3: ROC curves for various change detection meth-
ods. The width of the ROC curve reflects uncertainty in the pre-
cise bounds of the music festival.

Anticipated Impact

The recent increase in open and commercial
satellite data has made change detection in images
a “big data” problem. Our work is helping to de-
velop and characterize useful change detection
methods that will be allow mining of the volumes
of data, and ultimately deliver knowledge, not pix-
els, to the end user.
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